The Korean National Environmental Health Survey (KoNEHS 2009(KoNEHS -2011 tracks levels of environmental pollutants in biological samples from the adult Korean population (age 19-88). Recent survey results for blood mercury (Hg) suggest some exceedance above existing blood Hg reference levels. Because total blood Hg represents both organic and inorganic forms, and methylmercury (MeHg) has been specifically linked to several adverse health outcomes, a need exists to quantify MeHg intake for this population. Gender, age, and frequency of fish consumption were first identified as important predictors of KoNEHS blood Hg levels using generalized linear models. Stratified distributions of total blood Hg were then used to estimate distributions of blood MeHg using fractions of MeHg to total Hg from the literature. Next, a published physiologically based pharmacokinetic (PBPK) model was used to predict distributions of blood MeHg as a function of MeHg intake; ratios of MeHg intake to model-predicted blood MeHg were then combined with KoNEHS-based blood MeHg values to produce MeHg intake estimates. These intake estimates were ultimately compared with the Reference Dose (RfD) for MeHg (0.1 mg/kg/day) and reported as margin of exposure (MOE) estimates for specific KoNEHS subgroups. The derived MOEs across all subgroups, based on estimated geometric mean intake, ranged from 1.6 to 4.1. These results suggest MeHg exposures approaching the RfD for several subgroups of the Korean population, and not just for specific subgroups (eg, those who eat fish very frequently).
Mercury (Hg) is a naturally occurring element and a ubiquitous contaminant of soil, air, foods, and other media. It exists in the environment in several forms, including elemental, inorganic, and organic forms. Methylmercury (MeHg), an organic form, has been extensively studied due to its ability to be highly absorbed, bioaccumulate, and cause neurotoxic, cardiovascular, reproductive, and carcinogenic effects (ARSDR, 1999; Hong et al., 2012) . Exposure to MeHg is often associated with the consumption of fish (particularly large, fatty fish, such as tuna [Minnesota Department of Health]), and can be monitored via measurement of MeHg in blood, or total Hg in blood, with MeHg generally comprising the majority of total blood Hg (Jung et al., 2013; You et al., 2012) . A number of recent studies have reported significant positive associations between total blood Hg levels and metabolic syndrome (Eom et al., 2014; Geier et al., 2016; Poursafa et al., 2014) . Given the high level of concern surrounding MeHg exposure and toxicity, regulatory agencies have promulgated health-related reference values and allowable exposure limits. In addition, Hg has been included in several national biomontoring surveys (either as total Hg or MeHg), including the U.S. National Health and Nutrition Examination Survey (NHANES), German Environmental Survey (GerES), Canadian Health Measures Survey (Health Canada), and E.U. Consortium to Perform Human Biomonitoring on a European Scale (COPHES). These biomonitoring programs are useful for investigating population exposures to specific chemicals, with thousands of measurements generally reported for each sampled population (typically one measurement per person). Beginning in 2009, the Korean Ministry of Environment also implemented a nationwide biomonitoring project, entitled the Korean National Environmental Health Survey (KoNEHS) (Lim et al., 2012; Park et al., 2014) . This survey includes measurements of total blood Hg along with 18 other environmental chemicals. According to the first KoNEHS report (2009) (2010) (2011) , the geometric mean (GM) total blood Hg level was 3.08 lg/l, which is considerably higher than GM levels reported from the U.S. NHANES (0.703 lg/l from 2011 to 2012, N ¼ 7920 [CDC, 2015] ) and GerES III (0.58 lg/l in 1998, N ¼ 4646; Becker et al., 2002) .
To aid in the interpretation of biomarker data, biomonitoring equivalents and other health-based guidance values have been developed for a growing number of environmental chemicals (Hays and Aylward, 2012) . German human biomonitoring (HBM) values (set by the Commission on Human Biological Monitoring of the German Federal Environmental Agency) exist for blood Hg, and are based on two epidemiological studies conducted in the Faroe islands and the Seychelles (Drasch et al., 2002) . The HBM-I value for blood Hg is 5 lg/l, below which no action is needed. The HBM-II value for blood Hg is 15 lg/l, above which medical care or advice is recommended (Schulz et al., 2007 (Schulz et al., , 2011 . Despite the need for further study of the intermediate range between HBM-I and -II (Schulz et al., 2007) , comparison of blood Hg levels (including those measured in the KoNEHS) to these guidance values can provide useful estimates of relative risk.
Although blood Hg levels from KoNEHS may inform potential MeHg exposures, more direct assessment of health risks for this compound are based on actual MeHg measurements (or model predictions) and MeHg-specific reference values. The U.S. Environmental Protection Agency (EPA) has established a Reference Dose (RfD) of 0.1 lg/kg/day for MeHg (US EPA, 2001a), which is "an estimate of a daily exposure to the human population that is likely to be without appreciable risk of deleterious effects during a lifetime." In order to evaluate KoNEHS biomarker data in the context of the RfD, blood Hg data must be converted into MeHg intake estimates. In the present study, a previously validated physiologically based pharmacokinetic (PBPK) model for MeHg (Clewell et al., 1999) was used to facilitate this conversion. The predicted daily MeHg intake estimates were compared against the RfD to obtain a margin of exposure (MOE). The MOE is a useful measure for risk characterization, and is defined as the ratio of point of departure of a toxic effect (or in this case, an RfD) to a typical exposure level encountered by the population (e.g., estimated daily intake [EDI]) (Kalantari et al., 2013) . For the present study, an MOE >1 indicates MeHg intake estimates that are below the RfD.
The objectives of the current study are to evaluate Hg and MeHg exposures amongst subgroups of the South Korean population via comparisons of: (1) blood Hg measurements to HBM guidelines; and (2) MeHg intake estimates to the EPA RfD. These analyses are intended to place the total blood Hg levels measured in South Koreans in a health risk context using a weightof-evidence approach. MOE estimates are reported for different population subgroups to identify those with higher exposure potential and to inform risk management and mitigation strategies.
MATERIALS AND METHODS

General Population Survey Data
The Korean National Institute of Environmental Research (NIER) performed the first KoNEHS project from 2009 to 2011. Approximately 2000 adult subjects >19 years old were recruited each year of the study using stratified sampling units representing the residential distributions of geographical area, gender and age. A total of 6311 participants each provided one blood and urine sample along with questionnaire responses detailing their demographic information and lifestyle. Nineteen chemicals were measured in the biological samples, including total Hg in blood, which was measured using the gold-amalgam collection method and the Direct Mercury Analyzer 80 (DMA 80, milestone, Bergamo, Italy). The limit of detection (LOD) for blood Hg in KoNEHS was 0.04 lg/l. Values below the LOD (n ¼ 4) were included in the current analysis as LOD divided by the square root of 2. More information about the study design, methods of measurement, and validation can be found elsewhere (NIER, 2011; Park et al., 2014) .
Data Analysis Procedures
The overall data analysis workflow is illustrated in Figure 1 specific details about each step of the workflow are described in the subsequent sections. Briefly, variables that were statistically associated with blood Hg were first identified. Blood Hg levels for population subgroups were then compared with HBM guidance values. Next, blood Hg levels were converted to blood MeHg levels using fractions of blood MeHg to total Hg from the literature (Jung et al., 2013 ). The PBPK modeling was then performed to reconstruct MeHg intake based upon estimated blood MeHg concentrations. Finally, MOE values were calculated using estimated daily intake amounts and the U.S. EPA RfD for MeHg. All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, North Carolina), and PBPK modeling was performed using MATLAB (R2013b version8.2.0.701, Math Works, Natick, Massachusetts).
Step #1: Identification of Significant Predictors of Blood Hg Levels Across a total of 6311 subjects, biomarker results for 29 pregnant women and 13 subjects with missing records were excluded from analyses (n ¼ 6269). Results for pregnant women were excluded because blood Hg levels may be particularly transient during pregnancy due to rapid changes in body weight and diet. Because the distribution of blood Hg was right skewed, logtransformation was performed prior to all statistical analyses. This transformation satisfied assumptions of normality according to visual inspection of histograms and QQ-plots. Geometric means of total blood Hg were calculated (SAS Proc SURVEYMEANS) using sampling weights and survey strata. Bivariate analyses (SAS Proc SURVEYREG) were initially performed to identify independent variables that were correlated with blood Hg levels; evaluated demographic variables include age (19-29, 30-9, 40-49, 50-9, 60-9, >70) , gender (male, female), BMI category (underweight: <18.5, normal: 18.5-23, overweight: 23-5, obese: >25), residential area (urban, rural, coast, monitoring station of heavy metals), smoking status (current smoker, nonsmoker), alcohol consumption status (current drinker, does not drink), and frequency of physical exercise (does not exercise, exercises regularly [30 min at least 3 times per week], exercises irregularly). Several variables related to seafood consumption were also investigated, including frequency of consumption (rarely, 1-3 times/month, 1-2 times/week, 3-4 times/week, 5-6 times/week, every day) and type of fish consumed. Categories of fish include large fish (e.g., whale, tuna), fish (e.g., mackerel, cod, salmon), crustaceans (eg., shrimp, lobster, crab), seaweeds, shellfish, and other seafood (e.g., squid, sea cucumber).
Step #2: Model Selection for Defining Population Subgroups Multiple regression models for blood Hg were constructed to include the candidate explanatory variables described above, as well as interaction terms (ie, 2-way interactions between age, gender, BMI, and seafood consumption). Backward stepwise elimination was used to select the best model (SAS Proc GLM) at a significance level of p .1. Competing models were compared using Akaike information criteria, Bayesian information criteria, and the coefficient of determination. Main effects only of age, gender, and fish consumption frequency (but not type of fish consumed) were ultimately included in the final models.
Step #3: Calculating Exceedance of Blood Hg above HBM-I and HBM-II Estimated means and standard deviations (in log space) were used to determine the percentage of each population subgroup (categorized by the aforementioned independent variables) with blood Hg levels exceeding HBM-I and HBM-II. These calculations were performed according to the method of Pleil and Sobus (2013) , and require knowledge of the intra-class correlation coefficient (ICC) for blood Hg. The ICC represents the ratio of between subject measurement variance to total variance and is calculated using repeat measures for individuals. The two most extreme cases are when ICC ¼ 0 or when ICC ¼ 1. When ICC ¼ 0, average measures across individuals are expected to be very similar, and repeated measures for any given individual are expected to be variable. When ICC ¼ 1, average measures across individuals are expected to be variable, and repeated measures for any given individual are expected to be very similar. Because KoNEHS did not include repeat measures, we considered values of ICC ranging from 0 to 1 (representing the full range of possible ICC values) assuming either 3, 5, or 10 repeated measurements per subject.
Step #4: Estimating MeHg Concentrations in Blood Only total blood Hg was available in KoNEHS. Therefore, blood MeHg levels had to be estimated prior to reconstructing MeHg intake. Monte Carlo (MC) simulation was first used to generate distributions of blood Hg by gender, age, and fish consumption frequency based on observed distributions of Hg in KoNEHS; this step was performed to ensure a sufficient sample size for each subgroup (further information regarding the MC simulation is provided in sections 3A and 3B of the Supplementary Data). Next, blood Hg values were multiplied by a fraction of blood MeHg to blood Hg from the published literature. Specifically, stratified distributions of the MeHg/Hg fraction (assumed normal) were adopted from a previous Korean study, which collected paired measurements of MeHg and Hg in blood across 400 participants (Jung et al., 2013) . For each subgroup (by age, gender, and fish consumption frequency), 10 000 random samples were selected (with replacement) based on theoretical normal distributions using SAS/IML. Due to limited data for older age groups, the distribution of MeHg/Hg for age group 60-9 was applied to age group 70þ. Furthermore, due to a lack of data on fish consumption frequency, the total distribution of MeHg/ Hg from participants in Jung et al.'s study (n ¼ 354 participants age 20 or over) was applied across all KoNEHS subgroups for fish consumption frequency. The estimated blood MeHg levels based on KoNEHS data were compared to measurements of blood MeHg from the US NHANES 2011-2012 (n ¼ 9756). Geometric means were estimated for specific NHANES subgroups (SAS Proc SURVEYMEANS) after adjusting for sampling weights and survey strata. A total of 5165 NHANES measures were considered after removing missing values and measures for participants below age 20.
Step #5: PBPK Modeling and Reconstruction of MeHg Intake PBPK modeling. Absorption, distribution, metabolism, and elimination of MeHg were simulated using a published human PBPK model (Clewell et al., 1999) . Because pregnant women were not included in this analysis, the gestation-related compartments (e.g., uterus, fetus) were excluded from the model. All kinetic and physiological parameters were adopted from the original models, with the exception of body weight-these values were sampled from the measurements of the KoNEHS participants. We assumed that the primary source of MeHg exposure was via ingestion for the general Korean population (Eom et al., 2014; Kim and Lee, 2010) . A local sensitivity analysis was performed on all 48 model parameters to identify parameters with the greatest impact on the predicted blood MeHg (Clewell et al., 1994) . Five sensitive parameters were identified, including body weight, volume of slowly perfused tissues, partition of gut-toblood, partition of hair-to-blood, and MeHg excretion into hair. Further information regarding sensitive parameters of the PBPK model are provided in section 3C of the Supplementary Data.
Prediction of daily intake amounts of MeHg. In order to convert estimated MeHg in blood to MeHg intake, the PBPK model was used to implement a reverse dosimetry method known as the "exposure conversion factor" (ECF) approach (Clewell et al., 2008; Tan et al., 2006) . Exposure conversion factors were computed as the ratio of the model input (daily exposure amount, mg/kg/day) to simulated MeHg concentrations in blood (mg/l) at steady state (between 7000 and 9000 h). Monte Carlo simulations were used to randomly sample (10 000 iterations per scenario) sensitive parameters. The distribution for body weight was derived directly from the KoNEHS records (Supplementary Table 6 ). Distributions for the remaining sensitive parameters were obtained from the literature (Allen et al., 2007; Clewell et al., 1999) . All other model parameters were to set to their mean values. To consider variation in diets among the Korean population, three exposure scenarios were considered in the MC analysis; exposure frequency (i.e., the number of eating events during which MeHg exposure occurred) was set to once a day, once a week, or once a month with the same dose per exposure (1 mg/kg/exposure). All simulations were used to predicted steady-state blood MeHg concentrations, which were the basis for ECF estimates (ie, ECF ¼ intake dose/steady-state MeHg concentrations in blood). Central tendency values of ECF distributions were multiplied by estimated blood MeHg (calculated in Step #4) to predict estimated daily intake (EDI) of MeHg (ng/kg/day) for each group.
Step #6: Calculation of Margin of Exposure Margin of exposure estimates were derived based upon the distributions of estimated MeHg intake. Specifically, MOE estimates were calculated as the ratio of the EPA RfD (0.1 mg/kg/d) to the GM of the estimated intake for each population subgroup (Brown et al., 2015) .
RESULTS
Total Blood Hg in the KoNEHS
Descriptive statistics for blood Hg levels and exceedance estimates for each subgroup are given in Table 1 . The GM and the 95th percentile estimates of total blood Hg for the entire population were 3.08 and 9.91 lg/l, respectively [range 0.028-49.52 lg/l].
Results from multiple regression models showed that blood Hg levels varied by gender (p < .0001), age group (p < .0001), and frequency of fish consumption (p < .0001). Levels of blood Hg were significantly higher in males (GM ¼ 3.65 lg/l; 95% CI: 3.49-3.83) compared to females (GM¼ 2.62 lg/l; 95% CI: 2.51-2.73). Total blood Hg levels increased with age until the subjects reached their 60s, then decreased with age (see Table 1 ). Regarding consumption of fish, those who eat fish every day had about twice the blood Hg levels [GM ¼ 4.86 lg/l; 95% CI: 4.24-5.56] as those who eat fish rarely [GM ¼ 2.16 lg/l; 95% CI: 2.00-2.32].
Exceedance of Blood Hg Levels Above HBM-I and HBM-II Comparisons of blood Hg levels to HBM-I (5 lg/l) and HBM-II (15 mg/l) showed exceedance rates of 25% and <2% across all subjects, respectively ( Table 1) . The largest exceedance rates were observed for those who eat fish every day, with estimates of 48% (using HBM-I) and 5% (using HBM-I). These results were derived from single (spot) measurements of KoNEHS participants assuming no within-person variation-that is, assuming ICC ¼ 1. Because the true ICC is unknown in this population, exceedance values were estimated for additional cases where ICC was set to 0, 0.25, 0.5, and 0.75. The impact of ICC, as well as the number of repeats (m) used in calculating ICC, is shown in Figure 2 (with additional results provided in Supplementary  Tables 1-3 ). Here, a gradual decrease in exceedance is observed given deceasing ICC and increasing m.
Estimates of MeHg in Blood
The estimated global GM of MeHg in blood was 2.16 lg/l (see Table 2 ). The trends observed with the total blood measurement data (shown in Table 1 ) were also evident with the estimated MeHg data. Levels of blood MeHg were higher in males than females and generally increased with age and fish consumption frequency. Compared to other surveys, blood MeHg estimates in Korean adults were about three times higher than blood MeHg measurements in US adults (NHANES 2011 (NHANES -2012 , GM ¼ 0.619 lg/ l; Table 2 ), but about half that previously reported in a separate Korean study (GM ¼ 4.44; Table 2 ).
Estimates of MeHg Intake
The time profiles of estimated blood MeHg across the three different dosing scenarios (i.e., daily, weekly, and monthly) are displayed in Figure 3 . Simulations were run until steady state blood concentrations were reached for each scenario. Average blood MeHg concentrations were 51.7, 7.5, and 1.9 mg/l for daily, weekly, and monthly exposures, respectively, at a unit dose of 1 mg/kg/day ( Figure 3A) . The central tendency ECF estimate under each of the three dosing scenarios was very similar ( Figure 3B ), confirming both a linear relationship between exposure and biomarker levels, and independence between ECF values at steady state and exposure frequency. A global ECF value of 0.017 was ultimately used to estimate values of MeHg intake that correspond to blood MeHg levels. The GM EDI of MeHg was 35.8 ng/kg/day for the whole population (see Table 3 ). The EDI for those who eat fish every day (56.1 ng/kg/day) was more than twice that of people who eat fish rarely (25.1 ng/kg/day). The central tendency EDI for each group was lower than the EPA RfD (100 ng/kg/day) for MeHg.
Estimates of Margin of Exposure
The MOE estimates across all population subgroups were between 1.60 and 4.10 (Table 3) . The smallest MOE (1.60) was observed for men who consume fish every day. The largest MOE (4.10) was observed for women who consume fish rarely.
Regarding age, MOE estimates decreased until subjects reached their 60s in both males and females. The exposure in each scenario was set to 1 mg MeHg/kg BW/exposure event with different exposure frequencies (ie, daily, weekly, and monthly). The ECF is an abbreviation for 'exposure conversion factor', which was computed as the ratio of the exposure amount to the simulated biomonitoring level at steady state.
DISCUSSION
Many studies have indicated that levels of blood Hg in the Korean population are among the highest in the world (Cho et al., 2014; Kim and Lee, 2010; NIER, 2011; Park et al., 2014; You et al., 2012) . Based on our analysis of the KoNEHS data, assuming a limiting case where ICC ¼ 1 (ie, negligible within-person variance in blood Hg levels), we would predict about 2% of the Korean population to have blood Hg levels higher than the HBM-II (15 lg/l), and 25% to have levels that exceed the HBM-I (5 lg/l) (Schulz et al., 2011) . Although confirmation is needed, recent studies suggest that these high levels of blood Hg might be associated with metabolic syndrome and obesity among the general population in Korea (Bae et al., 2016; Chung et al., 2015; Eom et al., 2014) . To further inform the level of risk, the current study presents a weight-of-evidence approach for interpreting blood Hg data from KoNEHS.
Exceedances of Blood Hg Above HBM, Considering ICC Single spot measures of blood Hg may be associated with exposures occurring over previous days, weeks, and even months (Yaginuma-Sakurai et al., 2012) . Some within-person variance is expected in blood Hg levels, which has implications for exposure reconstruction and risk assessment efforts. Specifically, a single spot measure of blood Hg may not adequately reflect an individual's true average Hg body burden. To address this uncertainty, we estimated exceedance levels for population subgroups across a full range of ICC values (ie, from 0 to 1). Although this approach suggests a range of potential exceedances for each subgroup, utilization of an observed ICC is preferable, and should yield more accurate results. In KoNEHS, there were no repeated measurements of analytes, so ICCs were not able to be calculated. In the absence of data, using an ICC of 1 is considered a health-protective approach-that is, erring towards maximum caution. However, an ICC of 0.71 was recently reported (based on a maximum of 6 measures of blood Hg per subject) among 1429 adults over age 60, who lived in urban South Korea (Lee et al., 2016) . Using this ICC, the adjusted exceedance over HBM-I and -II for KoNEHS participants age 60-9 and 70þ would be 21% and 13.5%, respectively. When comparing these estimates to the unadjusted exceedances of 25% (60-9) and 18% (70þ), it becomes clear that risk estimates can be prone to over inflation when based on single-measure studies, and a default assumption of ICC ¼ 1 (Table 1 ). As such, exceedance estimates provided in Figure 2 should be carefully interpreted if new data on ICC levels in the Korean population become available.
Approaches for Estimating MeHg Exposure
Although blood Hg is a good biomarker of exposure, its use in traditional risk assessment is still under discussion. In terms of risk assessment, intake amounts are typically utilized as the basis of comparison to health-based reference or guidance levels. According to the WHO guidance for identifying populations at risk of Hg exposure, intake amounts of MeHg can be estimated using: (1) food consumption information on fish species, serving size, and frequency; (2) measured total Hg concentrations in the fish species ingested; and (3) the body weight of the consumer (WHO and UNEP, 2008) . Based on this guidance, intake amounts of MeHg have been previously estimated using information on typical Hg content in foods (Dellatte et al., 2014; Mahaffey et al., 2004; Shang et al., 2010; Zhang et al., 2009 Although dietary data and forward prediction models are commonly used to evaluate MeHg intake, biomarkers are increasingly finding use as a means of reconstructing exposures and assessing risk (Sobus et al., 2015) . Several studies have used biomarkers of MeHg to reconstruct intake amounts for comparison with reference values (e.g., RfDs) (Allen et al., 2007; Clewell et al., 1999; Legrand et al., 2010; Rice et al., 2000; Xue et al., 2012) . In the KoNEHS, total blood Hg was measured rather than MeHg. Because an RfD is available for MeHg [based on its neurotoxic and developmental effects (US EPA, 2001b)], but not for total Hg, the current study utilized a multi-step workflow (Figure 1 ) to reconstruct and evaluate MeHg intake.
Estimates of Blood MeHg for South Koreans An early step in our workflow was predicting blood MeHg levels based on KoNEHS reported blood Hg levels and literature reported fractions of blood MeHg to total Hg. Predicted levels of blood MeHg in the present study (GM ¼ 2.16 lg/l) were about half as large as those directly measured as part of another Korean study (the same study from which blood MeHg/blood Hg values were obtained). The study (i.e., Jung et al., 2013) reported a total GM level of 4.44 lg/l across 400 participants (Table 2) . Importantly, sample measures observed below the 25th percentile (1.5 lg/l) in this study were excluded from final summary statistics. Given this data censoring, it is not surprising that values reported by Jung et al. (2013) exceeded those estimated for the KoNEHS participants. A comparison of blood MeHg estimates from KoNEHS against measurements from the US NHANES 2011-2012 (GM ¼ 0.619 lg/l for adults over 19 years) clearly indicates different exposures across populations. Interestingly, whereas the global GM of US NHANES measures was four times lower than that of KoNEHS, blood MeHg levels for Asian Americans in the NHANES (GM ¼ 1.58 lg/l) were close to KoNEHS estimates. In fact, NHANES blood MeHg measures for Asian Americans over 50 years of age (GM ¼ 2.64 lg/l) were higher than our estimates for age-matched participants in KoNEHS (GM ¼ 2.28 lg/l). As an explanation for these similarities, we posit that immigrants from Asian countries retained their dining habits, such as consuming fish frequently (Gordon et al., 2000) . This conjecture assumes comparable Hg levels in fish consumed in both countries-further investigation is required to explore this hypothesis as the basis for similar blood MeHg levels across populations.
Interpretation of MOEs Using Predicted MeHg Intake
The PBPK modeling was used as a later step in our workflow (Figure 1 ) to enable the conversion from estimated blood MeHg to estimated MeHg intake. One-compartment PK models have previously been used to predict daily MeHg intake (Albert et al., 2010; Ginsberg and Toal, 2000; Rice, 2004; Stern, 2005) . In the present study, a PBPK model for MeHg was used, allowing incorporation of variability in physiological and pharmacokinetic properties (Allen et al., 2007; Georgopoulos et al., 2009; Loccisano et al., 2013; Shipp et al., 2000) . Intake amounts of MeHg were estimated following MC sampling of sensitive model parameters. The estimated MOEs for the KoNEHS participants based on reconstructed MeHg intake ranged from 1.60 to 4.10. Regarding age, MOE estimates decreased until subjects reached their 60's in both males and females. This result is somewhat expected, because the frequency of fish consumption decreased among the elderly population (Shin et al., 2012) . The smallest MOE was observed for frequent fish consumers (Table 3) , which suggests the highest exposure for this subgroup. However, MOE estimates across all subgroups were below 10, indicating MeHg exposures approaching the RfD even for those that aren't very frequent fish consumers. We note that MOE estimates reported here were derived from central tendency estimates of reconstructed MeHg intake distributions. Central tendency values were utilized to yield the most accurate MOE for each sampled subgroup. Future work should explicitly consider MOE estimates based on additional percentiles of the MeHg intake distributions. This would allow refined estimates of potential risks for subgroups of the Korean population. Further investigation is also needed to determine the real-life impacts of these findings for the general Korean population. In particular, further studies are needed to set health guidance values for fish consumption and to make quantitative determinations of the likelihood of deleterious health outcomes among susceptible subgroups resulting from high MeHg intake.
SUMMARY
The current study presents a weight-of-evidence approach for interpreting blood Hg data from KoNEHS in a health risk context. Survey results for total blood Hg suggest some exceedance above existing blood Hg reference levels; repeat measures data are needed to inform ICC levels for KoNEHS subgroups and clarify exceedance levels. Distributions of blood Hg were converted into MeHg intake estimates using published measurement data (fractions of blood MeHg to blood Hg), a published PBPK model, and a reverse dosimetry technique. MeHg intakes estimates were compared with the MeHg RfD and reported as MOE estimates for KoNEHS subgroups. Derived MOEs ranged from 1.60 to 4.10, indicating MeHg exposures approaching the RfD for several KoNEHS subgroups, and not just for specific subgroups (eg, those who eat fish very frequently). Further research is required to examine the potential for impacts of these exposures on susceptible subgroups of the Korean population.
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